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Amendments to the Claims : 

The following listing of claims will replace all prior versions, and listings, of claims in 
the application: 

1.-43. (Canceled) 

44. (Currently Amended) A projection optical system for projecting that projects 
an image of a first plane (0P)-onto a second piano (IP) p lane, the projection optical system 
comprising: 

a boundary lens (E233); an d lens having a liquid immersed surface: 
at least ono lay e r of imm e rsion liquid (IL) between the boundary lens (E233) 
and the second plane (IP); 

said boundary lens (E233) having a first plane side optical surface (S263) 
shaped such that for light projected onto the second plane (IP)-through the boundary lens 
(E233) lens, the marginal ray convergence angle (fe)-prior to incidence is larger than the 
marginal ray convergence angle (S)-within said boundary l e ns (E233). lens. 

45. (Currently Amended) The projection optical system of Claim 44 Claim 44. 
further comprising: 

at least one positive powered lens element (E231, E232) proximal to said 
boundary l e ns (E233), lens, and having an aspheric optical surface (S259, S260, S261, S262). 
surface. 

46. (Currently Amended) The projection optical system of Claim 4 4 wherein 
there ore providod: Claim 44, further comprising: 

a first positive powered lens element (E231) proximal to said boundary lens 
(E233), lens, and having at least one aspheric optical surface (S259, S260); surface; and 
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a second positive powered lens element (E232) between the first positive 



powered lens element ( E231) and said boundary l e ns fE233). lens, and having at least one 
aspheric optical surface (S261, S262). surface. 

47. (Currently Amended) The projection optical system of Claim 44, further 
comprising a double-Gauss anastigmat arranged to reduce spherical aberration including a 
third positive powered lens e l e m e nt (E222). e lement, a first negative powered lens el e ment 
(E223). e lement, a second negative powered lens e l e ment (E22 4 ). e lement, and a fourth 
positive powered lens element (E225). element. 

48. (Currently Amended) The projection optical system of Claim 4 7 Claim 47. 
further comprising a catadioptric anastigmat comprising a concave mirror (E215) and at least 
one negative powered Schupmann lens (E213, E21 4 ). lens. 

49. (Currently Amended) The projection optical system of Claim 4 8 Claim 48. 
wherein the catadioptric anastigmat comprises two negative powered Schupmann4enses 
(E213.E21 4 ). lenses. 

50. (Currently Amended) The projection optical system of Claim 49 adapted for 
use with ultraviolet-kghi r radiation. 

5 1 . (Currently Amended) An exposure apparatus comprising comprising: 



on imag e of a pattern formed on said mask on a photosensitive substrate oot on arranged 



between the first plane and the second plane flP ^and which forms an image of a pattern 
disposed on the first plane onto a photosensitive substrate disposed on the second plane based 
on a radiation from the illuminating system. 



an illuminating syst e m for illuminating a mask sot on the first plan e (OP), 



system, and 



a projection the projection optical system according to Claim 44 
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52. (Currently Amended) An exposing method comprising th e steps of 
comprising: 

illuminating a mask set on the first piano (OP), p lane, and 

projecting and exposing a pattern image formed on said mask-e n onto a 



photosensitive substrate set on the second plane (H*)-via the projection optical system 
according to Claim 44. 

53. (Currently Amended) A projection optical system for projecting that projects 
an image of a first plane (OP) to onto a second plan e (IP) plane, the projection optical system 
comprising: 

an optical system; system having a predetermined marginal ray convergence 

angle: and 

a boundary lens (E233); and having a liquid immersed surface: 

at l e ast on e lay e r of immersion liquid (IL) between said boundary Ions (E233) 

and said second piano (IP); whoroin 

light from tho first plan e (OP) is transmitt e d through the optical system, and 

output with a predet e rmined marginal ray convergence anglo (L); and 

said boundary lens (E233) is positioned to receive said-light output from the 
optical system, system with the predetermined marginal ray convergence angle, and adapted 
such that for light projected onto the second plane (ff)-through the boundary lens (E233) the 
marginal ray convergence angle (fe)-prior to incidence is larger than the marginal ray 
convergence angle (S)-within said boundar y l e ns (E233). lens. 

54. (Currently Amended) The projection optical system according to Claim 53 
Claim 53, wherein the optical system comprises: 
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at least one positive powered lens element (E231, E232) p roximal to said 
boundary l e ns (E233), l ens^and having an aspheric optical surface (S259, S260, S261, S262). 
surface. 

55. (Currently Amended) The projection optical system of Claim 53 Claim 53, 
wherein the optical system comprises: 

a first positive powered lens element (E2£4)-proximal to said boundary-4eas 
(E233), J ens^and having at least one aspheric optical surfac e (S259, S260); surface: and 

a second positive powered lens element (E232) between the first positive 
powered lens element (E231) and said boundary lens (E233), lens, and having at least one 
aspheric optical surface (S261, S262). surface. 

56. (Currently Amended) The projection optical system of Claim 53 Claim 53, 
wherein the optical system comprises: 

a double-Gauss anastigmat arranged to reduce spherical aberration including a 
third positive powered lens e l e m e nt (E222), e lement, a first negative powered lens e l e m e nt 
(E223), element, a second negative powered lens e lement (E22 4 ), element, and a fourth 
positive powered lens e l e ment (E225). element. 

57. (Currently Amended) The projection optical system of Claim 56 Claim 56, 
wherein the optical system further comprises a catadioptric anastigmat comprising a concave 
mirror (E215) and at least one negative powered Schupmann l e ns (E213, E2 1 4 ). lens. 

58. (Currently Amended) The projection optical system of Claim 57 Claim 57, 
wherein the catadioptric anastigmat comprises two negative powered Schupmann l e ns e s 
(E213,E21 4 ). lenses. 

59. (Currently Amended) The projection optical system of Claim 58 Claim 58, 
adapted for use with ultraviolet-kghi r radiation. 
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60. (Currently Amended) An exposure apparatus comprising comprising: 

an illuminating syst e m for illuminating a mask set on tho first piano (OP), 

system; and 

a projection optical system according to Claim 53 for forming an imago of a 

patt e rn formed on said mask on a photos e nsitiv e substrat e sot on arranged between the first 
plane and the second plane flP ^and which forms an image of a pattern disposed on the first 
plane onto a photosensitive substrate disposed on the second plane based on a radiation from 
the illuminating system. 

6 1 . (Currently Amended) An exposing method comprising tho stops of 
comprising: 

illuminating a mask set on the first piano (OP), p lane, and 

projecting and exposing a pattern image formed on said mask-en onto a 

photosensitive substrate set on the second plane (IP)-via the projection optical system 
according to Claim 53. 

62. (Currently Amended) A method of projecting an image of a first plane onto a 
second piano (IP) including tho stops of plane, the method comprising: 

passing light having a first marginal ray convergence angle {fe)-to a boundary 
Ions (E233); lens; 

passing light having a second marginal ray convergence angle (S) though 
through the boundary l e ns (E233); lens; and 

passing light from said boundary lens (E233) through a layer of immersion 
liquid (EL)-to the second plan e (IP); plane; wherein 

the first marginal ray convergence angle (fc)-is greater than the second 
marginal ray convergence angl e (S). angle. 
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63. (Currently Amended) The projection method of Claim 62 including the step 
e £Claim 62, further comprising: 

passing light through at least one positive powered lens element (E231, E232) 

proximal to said boundary Ions (E233). lens, and having an aspheric optical surface (S259, 
S260, S261, S262Y surface. 

64. (Currently Amended) The projection method of Claim 62 including the stops 
e feClaim 62. further comprising: 

passing light through a first positive powered lens element (E231) proximal to 
said boundary l e ns (E233). lens, and having at least one aspheric optical surfac e (S259, 
S260); surface: and 

passing light through a second positive powered lens element (E232) between 
the first positive powered lens element (E231) and said boundary l e ns fE233), lens, and 
having at least one aspheric optical surface (S261, S262). surface. 

65. (Currently Amended) The projection method of Claim 6 4 Claim 64, further 
including th e st e p of comprising: 

I passing light through a double-Gauss anastigmat arranged to reduce spherical 

aberration including a third positive powered lens olomont (E222). element, a first negative 
powered lens e l e m e nt (E223), element, a second negative powered lens e lement (E22 4 ), 
element, and a fourth positive powered lens e l e m e nt (E225). element. 

66. (Currently Amended) The projection method of Claims 65 including tho stop 
ef -Claim 65. further comprising passing light through a catadioptric anastigmat comprising a 
concave mirror (E215) and at least one negative powered Schupmann Ions (E213, E214). lens. 

67. (Currently Amended) The projection method of Claim 66 including tho stop 
ef Claim 66. further comprising p assing light through two negative powered Schupmann 
lonsos TE213, E2 1 4 ). lenses. 
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68. (Currently Amended) The projection method of Claim 67 Claim 67, wherein 
said light is a beam of ultraviolet4ighi r radiation. 

69. (Canceled) 

70. (Currently Amended) An exposing method oompriGing tho steps of 
comprising: 

illuminating a mask set on the first piano (OP), p lane, and 

projecting and exposing a pattern image formed on said mask-e n onto a 

photosensitive substrate set on the second plane (IP) via with use of the projection optical 
system method according to Claim 62. 

71 . (Currently Amended) A catadioptric p rojection optical system for projecting 
that projects an image of a first plane (OP)-onto a second plan e (IP), p lane, the catadioptric 
projection optical system comprising: 

an optical path having a plurality of lenses including a boundary lens which is 
arranged at a position closest to the second plane, 

wherein the first plane (OP) side surface of the boundary lens has a positive 

refractive power, and for an atmosph e r e in said optical path having a refractive index of 1, tho 
optical path b e tween said boundary Ions and said second plane (IP) is filled with a medium 
having a refractive ind e x larg e r than 1.1. 

a refractive index of a medium to be disposed at the second plane side of the 

boundary lens is larger than 1.1 * a . 

where a refractive index of a space disposed at the first plane side of the 

boundary lens is defined as a. 

72. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 71, which satisfies the condition as expressed by: 

0.012 <Cb D/NA< 0.475 
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where, Cb represents the curvature of said boundary lens on the first plane 
(OP)-side; D represents the distance between an optical axis and the outermost point of an 
effective image forming area, and NA represents the numerical aperture on the second plane 
(ff)-side of the boundary lens. 

73. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 72, wherein at least one optical member {fep)-having substantially no refractive power 
is arranged in the optical path between said boundary lens and said second plan e (IP); p lane; 
and the optical path between said boundary lens and said optical member, and the optical path 
between said optical member and said second plane (ff)-are filled with said medium. 

74. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 71, wherein at least one optical member (fep)-having substantially no refractive power 
is arranged in the optical path between said boundary lens and said second plan e (IP); p lane; 
and the optical path between said boundary lens and said optical member, and the optical path 
between said optical member and said second plane (ff)-are filled with said medium. 

75. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 74, wherein said at least one optical member having substantially no refractive power 
is detachably arranged in the optical path between said boundary lens and said second piano 
(B iplane. 

76. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 75, wherein the optical member having substantially no refractive power has an 
adjustable orientation. 

77. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 74, wherein the optical member having substantially no refractive power has an 
adjustable orientation. 
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78. (Currently Amended) The catadiootric p rojection optical system according to 
Claim 74, wherein said projection optical system satisfies the condition as expressed by: 

|P D| <1.0x 10 -4 

where, P represents the refractive power of said optical member having 
substantially no refractive power, and D represents the distance between the optical axis and 
the outermost point of the effective image forming area. 

79. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 71, wherein paid projection optical oyotom io a catadioptric optical oyotom further 
comprising at least one concave reflector. 

80. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 79, having an effective image forming area eccentric relative to the optical axis, 
wherein at least one intermediate image is formed in said optical path of said projection 
optical system. 

8 1 . (Currently Amended) The catadioptric p rojection optical system according to 
Claim 80, further comprising one image forming optical ayatom (G2), systgmjiaving said at 
least one concave reflector, for forming said intermediate image; and another image forming 
optical system (G3ffor forming a final image on said second plane (H*)-on the basis of the 
flux from said the intermediate image; and 

a deflecting mirror arranged in the optical path between said one image 
forming optical system and said another image forming optical system. 

82. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 81, wherein the following conditional expression is satisfied: 

0.75 < MA/MG3 < 1.1 

where, MA denotes a magnification of the whole optical system, and MG3 
denotes a magnification of the another imaging optical system (G3). systgm 
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83. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 81, wherein said another image forming optical system {G3>-includes an aperture stop, 
and wherein the number of lens elements arranged on the second plane {ff>-side of the 
aperture stop is five or less. 

84. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 83, wherein all lens elements arranged between the second plane (ff^-and the aperture 
stop in the third image forming optical system have positive refractive power. 

85. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 83, wherein no lens element having negative refractive power is included in the lens 
elements arranged in the second plane (IP)-side of the aperture stop. 

86. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 80, comprising further comprising: 

a first image forming optical system (Gl) for forming a first intermediate 

image of said first plan e (OP); plane; 

a second image forming optical syst e m (G2), system, having said at least one 

concave reflector, for forming a second intermediate image on the basis of said first 
intermediate image; and 

a third image forming optical system (G3) for forming a final image on said 

second plane (ff)-on the basis of the flux from said second intermediate image; wherein: 

a first deflecting mirror is arranged in the optical path between said first image 
forming optical system and said second image forming optical system; and a second 
deflecting mirror is arranged in an optical path between said second image forming optical 
system and said third image forming optical system. 
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87. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 86, wherein the optical axis of said first image forming optical system is aligned with 
the optical axis of said third image forming optical system. 

88. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 87, wherein the following conditional expression is satisfied; satisfied: 

0.75 <MA/MG3< 1.1 

where, MA denotes a magnification of the whole optical system, and MG3 
denotes a magnification of the third imaging forming optical syst e m (G3). system. 

89. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 86, wherein the following conditional expression is satisfi e d; satisfied: 

0.75 <MA/MG3< 1.1 

where, MA denotes a magnification of the whole optical system, and MG3 
denotes a magnification of the third imaging forming optical syst e m (G3). system. 

90. (Currently Amended) The catadioptric p rojection optical system according to 
Claim 71, wherein the numerical aperture on the first plane (OP) side is 0.22 or larger. 

91 . (Currently Amended) The catadioptric p rojection optical system according to 
Claim 71, wherein the light quantity loss occurring upon passing through said medium is 50% 
or lower. 

92. (Currently Amended) An exposure apparatus comprising comprising: 

an illuminating syst e m for illuminating a mask oot on a first piano (OP), 

system; and 

a catadioptric p rojection optical system according to Claim 71 for forming an 

imag e of a pattern formed on said mask on a photos e nsitiv e substrate oot on said arranged 
between the first plane and the second plane fff^and which forms an image of a pattern 



-12- 



Application No. 10/525,372 

disposed on the first plane onto a photosensitive substrate disposed on the second plane based 
on a radiation from the illuminating system. 

93. (Currently Amended) An exposing method comprising tho steps of 
comprising: 

illuminating a mask set on a first plane (OP), p lane, and 

projecting and exposing a pattern image formed on said mask-e n onto a 

photosensitive substrate set on a second plane (ff)-via the catadioptric p rojection optical 
system according to Claim 71. 

94. (Currently Amended) A projection optical system for proj e cting that projects 
an image of a first plane (OP)-onto a second piano (IP) p lane, the projection optical system 
comprising: 

a plurality of optically transparent members, 

wherein an optical path between the second plane and a first optically 
transparent member of the plural optically transparent members which is arranged in a 
position nearest to the second plane and tho second plan e is fill e d to be filled with a first 
medium, 

an optical path between the first optically transparent member and a second 
optically transparent member arranged in arranged adjacent to the first plane side of the first 
optically transparent member is filled to be filled with a second mat e rial and medium. 

the first medium and s e cond the second medium have a refractive index larger 
than 1.1, for an atmosphere having a refractive index of l. of 1. and 

a refractive index of the first optically transparent member is different from the 

refractive indices of the first medium and the second medium. 
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95. (Currently Amended) The projection optical system according to claim 94, 
wherein the first medium and s e cond the second medium are the same in a kind of the 
medium. 

96. (Previously Presented) The projection optical system according to claim 95, 
wherein the first optically transparent member has substantially no refractive power. 

97. (Previously Presented) The projection optical system according to Claim 96, 
wherein said projection optical system satisfies the condition as expressed by: 

|P-D| < 1.0 x 10 -4 

where, P represents the refractive power of said first optically transparent 
member, and D represents the distance between the optical axis and the outermost point of the 
effective image forming area. 

98. (Previously Presented) The projection optical system according to claim 94, 
wherein the first optically transparent member has substantially no refractive power. 

99. (Previously Presented) The projection optical system according to claim 98, 
wherein the first optically transparent member is insertable in an optical path between the 
second optically transparent member and the second plane. 

100. (Previously Presented) The projection optical system according to claim 98, 
wherein the first optically transparent member has an adjustable orientation. 

101 . (Previously Presented) The projection optical system according to claim 98, 
wherein a surface of the second optically transparent member which faces to the first plane 
have positive refractive power. 

102. (Currently Amended) The projection optical system according to claim 101, 
which satisfies the condition as expressed by: 

0.012 < Cb D/NA < 0.475 
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where, Cb represents the curvature of a plan e the surface of the second 
optically transparent member which faces to the first plane; D represents the distance 
between an optical axis and the outermost point of an effective image forming area, and NA 
represents the numerical aperture on the second plane side of the projection optical system. 

103. (Previously Presented) The projection optical system according to claim 94, 
wherein the first optically transparent member is insertable in an optical path between the 
second optically transparent member and the second plane. 

104. (Previously Presented) The projection optical system according to claim 94, 
wherein the numerical aperture on the first plane side is 0.22 or larger. 

105. (Previously Presented) The projection optical system according to claim 94, 
wherein the first optically transparent member has an adjustable orientation. 

106. (Previously Presented) The projection optical system according to claim 94, 
wherein the plurality of the optically transparent member are made of fused silica or calcium 
fluoride. 

107. (Previously Presented) The projection optical system according to claim 106, 
wherein the first optically transparent member is made of fused silica. 

108. (Currently Amended) The projection optical system according to claim 107, 
wherein all of the plurality of the optically transparent members is made are made of fused 
silica. 

109. (Previously Presented) The projection optical system according to claim 106, 
wherein the first optically transparent member is made of calcium fluoride. 

1 10. (Previously Presented) The projection optical system according to claim 94, 
wherein the first optically transparent member is a plane parallel plate, and the second 
optically transparent member is a plano-convex lens. 
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111. (Previously Presented) The projection optical system according to claim 94, 
wherein a space between a partially area on the second plane and the first optically 
transparent member is filled with the first medium. 

112. (Currently Amended) An exposure apparatus for transferring that transfers a 
predetermined pattern on a photosensitive substrate, comprising comprising: 

a projection optical system according to claim 94, for projecting arranged 

between the first plane and the second plane, and that projects an image of a mask the pattern 
arranged in the first plane onto a photosensitive substrate arranged in the second plane. 

113. (Previously Presented) The exposure apparatus according to claim 112, 
wherein a scanning exposure is performed by relative movement of the projection optical 
system and the photosensitive substrate. 

114. (Currently Amended) An exposure method of transferring a predetermined 
pattern on a photosensitive substrate, comprising a stop of, the method comprising: 

using a projection optical system according to claim 94, projecting an image of 

a mask the pattern arranged in the first plane-eft onto a photosensitive substrate arranged in 
the second plane. 

115. (Previously Presented) The exposure method according to claim 114, 
comprising a step of performing a scan exposure with relative movement of the projection 
optical system and the photosensitive substrate. 

116. (New) A device manufacturing method comprising the steps of: 
preparing a predetermined pattern; 

transferring an image of the pattern onto a photosensitive substrate with a 
projection optical system according to claim 44; and 

developing the photosensitive substrate. 
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117. (New) A device manufacturing method comprising the steps of: 
preparing a predetermined pattern; 

transferring an image of the pattern onto a photosensitive substrate with a 
projection optical system according to claim 53; and 

developing the photosensitive substrate. 

118. (New) A device manufacturing method comprising the steps of: 
preparing a predetermined pattern; 

transferring an image of the pattern onto a photosensitive substrate with use of 
the projection method according to claim 62; and 

developing the photosensitive substrate. 

119. (New) The catadioptric projection optical system according to claim 71, 
wherein the medium includes a liquid. 

120. (New) A device manufacturing method comprising the steps of: 
preparing a predetermined pattern; 

transferring an image of the pattern onto a photosensitive substrate with a 
catadioptric projection optical system according to claim 71; and 
developing the photosensitive substrate. 

121 . (New) A device manufacturing method comprising the steps of: 
preparing a predetermined pattern; 

transferring an image of the pattern onto a photosensitive substrate with a 
projection optical system according to claim 94; and 

developing the photosensitive substrate. 
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